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Multiple sclerosis (MS) is a disease whose hetero-
geneity poses unique challenges in making the
diagnosis, offering prognosis, and deciding about
treatment. The heterogeneity may pose even greater
challenges in the design of clinical trials because
it leads to problems of operational definitions,
ascertainment of clinical data, and selection of
meaningful outcomes as they pertain to charac-
terizing the disease course. Applying the results
of clinical trials to individual patients adds an
additional degree of difficulty.

The natural history of MS has been well charac-
terized over the past several decades. Although
there are numerous methodological problems
with the direct use of natural history controls, the
entire enterprise of designing clinical trials for MS
begins with applied natural history. Assumptions
about the expected behavior of the disease are
implicated in trial design, outcome selection,
entrance criteria, and power calculations. Clinical
trials of MS treatments are typically short term,
relapse, or magnetic resonance imaging (MRI)-
based studies; long-term benefits assessed utilizing
robust clinical measures remain to be definitively
established. As the disease course typically spans
several decades, it is particularly difficult to draw
firm conclusions about the consequence of treat-
ments that have been available for only a fraction
of this duration. Indeed., it is not clear how best to
determine whether, and to what degree, current
medications are influencing the long-term course
of the disease (Noseworthy, 2007).

A discussion of MS clinical trial design and
interpretation must begin with a critical review of
the operational definitions used to characterize the
disease. The broad range of MS disease course has
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been delineated into four subtypes, relapsing-
remitting MS (RRMS), secondary progressive MS
(SPMS), primary progressive MS (PPMS), and
progressive-relapsing MS (PRMS). It should be
emphasized that the names for the clinical sub-
types are of limited, mostly descriptive applicability.
As they are based solely on the effects of the disease
that cross the clinical threshold, the categories do
not necessarily reflect the true underlying patho-
logical heterogeneity. In RRMS, for instance, the
formation of new T2 lesions is far more common
than the occurrence of clinical attacks, indicating
that even during periods of clinical quiescence,
tissue damage continues to accumulate. The sub-
types also vary in their definition as they apply to
the temporal course of MS: PPMS is a discrete
subtype, but RRMS and SPMS can both occur in
the same individual at different points in his or her
disease course. In addition, the transition from
RRMS to SPMS is indistinct and can only be
definitively identified in retrospect. One, therefore,
cannot know whether a patient with RRMS has
already begun to progress at the time of enrollment
into an RRMS trial.

Nonetheless, these categories are most useful
in the context of clinical trials, where homogenous
populations are desirable to most clearly discern a
therapeutic effect, and much of the successful work
in the field, as well as the focus of this chapter,
pertains to relapsing-remitting disease. Although
necessary from a trial design perspective, the use
of categories that are not biologically defined
imposes several assumptions on the planning of a
trial. As Randy Schapiro (personal communication)
has noted, “There is no relapsing-remitting MS or
secondary progressive MS—there is only MS.”
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While MS experts debate whether MS is one
disease or many, confining clinical trials to a
particular disease state not defined by distinct
pathophysiologic mechanisms may increase both
false-positive and false-negative results for clinical
research. The reliance on these classifications
for clinical trials limits the generalizability of the
results across the entire MS spectrum, and it typi-
cally restricts approval and licensure of an agent
to the subtype of MS in which it has been studied.
An era in which the subtype-delineations are likely
to be updated, as genetics and biomarkers become
available to better elucidate the pathological sub-
strates for clinical patterns, is likely beginning.
Clinical trials in MS have, since the early
1980s, followed a traditional “double-blind, placebo-
controlled, randomized paradigm” (McFarland
and Reingold, 2005) and have led to the approval
of six agents for the treatment of MS. The wide-
spread use of these treatments has transformed
the management of MS and has significantly
impacted the design of clinical trials that are
needed to find safer and more effective therapies
for relapsing MS and to test new therapies for other
as yet untreatable forms of the disease (McFarland
and Reingold, 2005). Despite the extraordinary
advancements in neuroimmunology, rational drug
development, and clinical trial design and analyses,
clinical trials are hampered by an incomplete
basic understanding of the MS disease process,
the mechanism of action of the agents under
investigation, and the ideal way to gauge their
clinical effectiveness. The hope is that early treat-
ment will impact long-term course and the subse-
quent development of disability, but there is, as
yet, little convincing evidence that our current
agents affect this outcome (Noseworthy, 2007). In
addition, the currently available therapies are only
partially effective, have side effects, are difficult to
deliver, and are expensive. However, the wide-
spread availability and clinical acceptance of these
agents has led to a transformation in the design
of modern MS clinical trials, one that is both
ethically and practically based (McFarland and
Reingold, 2005). Currently, more than ever, a
dynamic pipeline of parenteral and oral agents is
already in phase 111 testing so that several new
agents may reach the market in the next few years.
This new landscape of MS therapeutics presents
novel challenges to future clinical trials, and this

chapter will review the assumptions and design
considerations of pivotal and recent MS trials to
provide a historical perspective on how we have
arrived at the present moment in considering the
future of MS research. It will conclude with an
evaluation of the current state of ethics of placebo-
controlled trials, as well as an overview of new
approaches to the study of MS that take a more
holistic approach than that of the traditional
clinical trial.

CLINICAL TRIAL OUTCOMES
MEASUREMENT: AN OVERVIEW

Multiple sclerosis clinical trials must be designed
to capture the broad array of potential disease
manifestations across individuals, but they must do
so in a way that is reproducible and standardized.
Outcome measures must be multidimensional in
order to adequately encompass the myriad ways
MS effects patients both in the short and long
term. To this end, clinical trials focus on the two
hallmark characteristics of MS: the occurrence of
relapses and the accrual of disability. Choice of the
outcome measure depends on the presumed
mechanism of action of the investigated treatment
and its anticipated clinical effect. It is important to
choose the most appropriate primary outcome
measure for each individual trial (D’Souza et al.,
2008). In addition, a study must be of sufficient
duration to allow the benefit of the agent to
become evident and have a subject population
large enough to power the study adequately. As
long-term disability cannot be adequately assessed
directly in a short-term clinical trial, all of our
clinical measures from relapse-based assessments
to measures of sustained disability in the short
term can be considered surrogate markers of our
ultimate long-term therapeutic goals.

Short-Term, Relapse-Based Outcomes

Clinical trials of disease-modifying agents for
MS typically utilize relapse-based endpoints to
demonstrate therapeutic effect. As short-term
trials (usually between 1 and 3 years in duration)
are often underpowered to demonstrate effect on
long-term disability, endpoints such as the annu-
alized relapse rate, time to first relapse, and per-
cent of patients relapse free serve as surrogate



markers of disease suppression. These trials,
and in particular their placebo arms, provide an
instructive data source to characterize the short-
term behavior of relapsing MS.

A relapse may be operationally defined as
an objectively, clinically ascertainable, new or seri-
ously worsening neurological deficit that persists
for more than 24 hours, that develops at an inter-
val of at least 30 days after a previous relapse, and
is not related to infections. This 1-month window
does not necessarily correspond with the actual
biology of the disease, where often more than one
area of active inflammation in the central nervous
system (CNS) exists, each of which runs an inde-
pendent time course (D'Souza et al., 2008). Short-
lived aggravation of the symptoms related to
elevations in body temperature (e.g., with fever,
physical exercise, hot showers, warm weather) are
referred to as Uthoff phenomena or “pseudoexac-
erbations.” They result from an unmasking of
subclinical lesions or worsening of chronic symp-
toms by transient elevations in temperature, and
they do not constitute new inflammatory CNS
activity. Patients cannot always distinguish a true
exacerbation from a pseudoexacerbation, which is
significant given that many trials rely on patients
to report the occurrence of a relapse.

Problems comparing the efficacy of various
treatments are amplified by trial-to-trial variation
in relapse definition in terms of duration (24 or
48 hours) and whether a change on the neuro-
logical exam (as noted by a blinded evaluator) is
present. Furthermore, trials are inconsistent about
whether the objective change in the neurological
examination must correspond with the clinical
symptoms as described by the patient. The more
narrow the definition, the lower the recorded
relapse rate. Additionally, changes on the neuro-
logical examination (particularly changes in reflexes
or subtle sensory changes) may be noted by the
examiner in the absence of new symptoms to
qualify as a relapse. Even with the most rigorous
relapse criteria, borderline events will always be
left to the investigators’ judgment to interpret. 1f
the expectations of the trial’s sponsor are apparent
to the investigators and their patients, the relapse
rate in one group of patients might be underesti-
mated in nonblinded studies (Serensen, 2008).

Beyond the issues of ascertainment, relapse rate
is a useful, but flawed, measure of MS disease activity.
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Suppressing relapses benefits patients both imme-
diately in terms of functional status, and poten-
tially in the long term, as relapses are associated
with significant residual deficits (Lublin etal., 2003).
In addition, the relapse rate early in the disease
is an important determinant of accumulation of
disability later in the disease course. Although
lower relapse rates in the early years of the disease
may portend less eventual disability, whether a
reduction in relapse rate imposed by treatment
provides the same effect on long-term disability as
would a relatively relapse-free experience as part
of an individual's natural history remains unknown
(Noseworthy et al., 2006).

Long-Term Observational Studies and
Disability-Based Outcomes

The maximum clinical variability of MS is seen
in the short term after disease onset; the illness
becomes more predictable upon long-term obser-
vation. Much of the data on long-term outcomes
in MS comes from several longitudinally followed
cohorts and not from randomized clinical trials.
As natural-history studies, these are largely com-
prised of patients who did not receive disease-
modifying treatments; because of the availability
of treatment, it is no longer feasible to follow such
cohorts prospectively in the modern era. Three
cohorts that provide large-scale, prospective analy-
ses of untreated populations are those from
Lyon, France (Confavreux et al., 2000), Sweden
(Runmarker and Andersen, 1993), and London,
Ontario (Weinshenker et al., 1991). Long-term
prognosis is often described using time to devel-
opment of disability landmarks in the Expanded
Disability Status Score (EDSS). These include
EDSS 4, the development of moderate disability
with preserved gait; EDSS 6, the need for assis-
tance with ambulation; and EDSS 7, the need for
a wheelchair for mobility. While these classifica-
tions are limited by their focus on mobility, they
provide a meaningful window into the time course
of accrual of disability and reflect particular out-
comes of great concern to patients diagnosed
with MS.

The EDSS remains the criterion standard by
which disability is measured in both the long and
the short term. In short-term studies lasting
from 1 to several years, “sustained disability” as
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an outcome variable requires a measured change
on the EDSS being reproduced at two points
separated in time, usually by 6 months. 1fa patient
“changes by 1 point on the EDSS,” however, this
could mean a variety of things depending on
where along the scale the patient is, and vary even
further depending on what functional system
brought about the change in EDSS step. In addi-
tion, persistent or sustained increases in physical
impairment may occur because of a failure to
completely recover from a relapse or from the
slow accrual of disability that characterizes pro-
gressive MS. The use of “sustained disability” as a
clinical endpoint fails to elucidate this distinction.
As these processes are likely based on varying
pathophysiology, lumping them together as a sin-
gle clinical endpoint may not adequately capture
the biologic response to a therapeutic agent.

The EDSS has a number of limitations that
bear mention when considering its use in clinical
trials. It is weighted toward ambulatory disability
but is insensitive to other aspects of MS-related
impairment, in particular cognitive dysfunction.
Although a numerical scale, it is ordinal and
categorical in nature and neither quantitative
nor linear. The EDSS is thus not ideally suited to
the deltas and changes in the “mean” that are fre-
quently used as outcome variables. As an assess-
menttool, the EDSS hasonly moderate inter-relater
reliability particularly at the lower range, is not
entirely objective, and can have great fluctuation
particularly at the lower levels. In its highest
levels, the scale becomes a subjective description
of a patient's home care needs, and thus patients
in the upper strata of EDSS are rarely included in
clinical trials.

ISSUES IN CLINICAL TRIAL DESIGN AND
INTERPRETATION

Reconsidering the Evolution of Pivotal Trials

The 1990s saw the publication of large clinical tri-
als evaluating the three brands of interferon beta
and glatiramer acetate as disease-modifying drugs
in MS, and their subsequent regulatory approval
and evolution into standard of care. Although the
individual disease-modifying agents are discussed
in previous chapters, some of the implications of

the pivotal trials on the design and interpretation
of subsequent and recent studies will be reviewed
here,

The randomized, placebo-controlled paradigm
of the pivotal trials demonstrated not only efficacy
of the agents studied but pronounced placebo
effects on relapse rates when comparing prestudy
with on-study exacerbation rates in the placebo
group (D'Souza et al., 2008). The results of the
interferon B-1b pivotal trial reported in 1993
(IFN B Multiple Sclerosis Study Group, 1993) are
an archetype for this period in MS clinical research,
and they demonstrated an annualized relapse rate
of 0.78 in the interferon group versus 1.27 in the
placebo group. The study was criticized for issues
of relapse-ascertainment and confirmation, as
relapses were self-reported and not universally
confirmed by an examining neurologist. Three
years later, in the weekly interferon B-1a study
(Jacobs et al., 19906), the placebo group had an
annualized relapse rate of 0.82, which was com-
parable to that of the rate of 0.84 in the placebo
group of the pivotal trial of glatiramer acetate
(Johnson et al., 1995). It was already clear that
although there was a comparable degree of rela-
tive relapse rate reduction between the agents, the
actual annualized relapse rates varied consider-
ably between trials. All the values are likely to be
skewed toward higher attack rates, as patients
were selected for these studies on the basis of
high prestudy clinical disease activity. The relapse
rate may then “regress towards the mean” once
these patients have been enrolled in the trial, in
part explaining the extent of the apparent placebo
effect. The efficacy of placebo may also reflect the
impact of the comprehensive care provided to trial
participants (D'Souza et al., 2008). The pivotal tri-
als’ placebo group results underscore the impor-
tance of randomized, placebo-controlled trials and
why positive head-to-head equivalency studies
alone cannot be used to prove an agent's efficacy,
nor have they been considered sufficient evidence
for regulatory approval.

The interferon B-1b pivotal trial did not demon-
strate a statistically significant effect on disability,
and as the trial enrolled ambulatory, relapsing-re-
mitting patients it was likely underpowered to
assess this outcome. In contrast, the pivotal trial
of weekly intramuscular interferon B-1a (Jacobs
et al., 1996) utilized disability as the primary

e



outcome measure and demonstrated a slower rate
of accumulation of disability for the treated group,
which was defined in advance as deterioration
by 2 1 point on the EDSS for 2 6 months. In the
subsequent pivotal trials of natalizumab, AFFIRM
(Polman et al., 2006) and SENTINEL (Rudick
et al., 2006), disability endpoints were also met,
with sustained disability defined as persisting for
>3 months.

A significant issue in the pivotal trials was that
of the success of the blinding. Type and degree of
blinding play an important role in the adjudica-
tion of patient-reported symptoms and their ascer-
tainment by an evaluator. As the majority of
treatments tested including glatiramer acetate,
interferons, and mitoxantrone have easily recog-
nized side effects or hallmarks such as injection
site reactions, it is likely that the patients were
able to correctly guess whether they were receiv-
ing placebo or active drug, which can confound
the results given the subjective nature of relapses
as assessed in these trials. Unscheduled symptom-
initiated study visits and the methods of ascertain-
ment of relapses at these visits should be equal
across treatment arms to ensure that relapse assess-
ment is not affected by systematic ascertainment
bias. Modern double-blind studies have employed
both a treating-neurologist and blinded evaluat-
ing neurologist to conduct the trial assessments.
However, as oral and parenteral agents now in
development have distinct modes of administra-
tion from the self-injected therapies with which
they are being compared, this has necessitated
using single-blind designs where maintenance of
evaluator blinding is of paramount importance.
Nonetheless, the lack of a double-blind design
must be considered when interpreting these trials,
which include the phase I and 111 trials of
alemtuzumab (Coles et al., 2008).

Extension Trials and Long-Term
Observational Studies

Given that clinical trials must establish efficacy in
a short time frame, extension trials and open-label
follow-up can provide a greater window into the
benefit and safety profile of a therapeutic agent in
the long term. In addition, there are ethical reasons
to design an extension study, as it ensures contin-
ued access of an agent to the study population.
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Typically, at the conclusion of a randomized con-
trolled study, patients in the treatment group
continue on the study drug, and patients initially
randomized to the control group are offered the
active drug and continue to be followed, albeit
usually with a reduced frequency of assessments
than during the randomized phase of the trial.

Although extension trials are frequently cited
as evidence of the long-term efficacy of an
agent, the quality of the data obtained in such
an investigation is clearly inferior to that of the
randomized phase, as the extension is open-label,
uncontrolled, and the study population may exhibit
self-selection by the patients who responded to
the drug in the initial trial. Thus, extension trials
may exhibit a significant selection bias toward
“responders” and are of limited value in obtaining
data that can be generalized overall regarding
drug efficacy. In addition, extension trials are of
limited impact with regard to outcome measures
as they are generally no longer blinded, although
to address this concern more recent trials have
re-randomized the placebo group into a dose-
blinded extension.

To provide even longer term assessments of
the impact of a therapeutic agent, nonrandomized
long-term observational studies have been under-
taken lasting over a decade. These are in essence
interminable extension trials, and their data suffer,
at best, from similar methodological limitations.
Large, long-term observational data sets for both
the interferons and glatiramer have been analyzed
(Ebers and Traboulsee, 2009; Rovaris et al., 2007)
and are of greatest value in providing information
about safety and long-term survival, while the
“sustained efficacy” described in these data sets
is confounded by enormous dropout rates, the
unavoidable bias favoring responders, and the lack
of an effective intention-to-treat analysis. These
observational studies blur the distinction between
research and clinical practice, and while they may
attempt to quantify outcomes seen in “real world”
standard of care, they lack the rigor and generaliz-
ability of well-performed clinical trials. That said,
carefully designed long-term observational studies
with specific hypotheses and preplanned analyses
have the potential to provide valuable information
that cannot be captured during the short-term
randomized clinical trials of agents currently in
testing.
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The Problem of Cross-Trial Comparison

The reduction in relapse rate in the pivotal trial of
weekly interferon B-1a (Jacobs et al., 1996) at 18%
was more modest than that seen in the interferon
B-1b pivotal trial, In the weekly interferon PB-1a
trial, the relapse rate declined from 1.2 to 0.61
in the treatment group versus 1.2 to 0.82 in the
placebo group. These two trials underscore the
problems of cross-trial comparison even for stud-
ies done in the same era, as the raw annualized
relapse rate outcome would appear to favor weekly
interferon B-1a as opposed to the 0.78 seen with
interferon PB-1b, while the relative reduction
versus placebo favors the latter. Which drug is
“better?” As discussed later in this chapter, this
issue becomes all the more pronounced when one
compares the results of the pivotal trials to those
done in the “postmillennial” or “McDonald era”
where an on-drug relapse rate of 0.78 or 0.61
would be considered an utter failure in the context
of the current standard of efficacy.

Another example of the difficulties in compar-
ing between two trials comes from the studies
of the effect of subcutaneous interferon B-ib on
disease progression in SPMS. The initial European
study demonstrated that treatment with inter-
feron B-1b was associated with a higher probability
of stabilization of progression of disability com-
pared to placebo. The therapeutic effect on this
outcome measure, however, was not replicated in
a North American study using a comparable but
not identical study design (Panitch et al., 2004).
Given the heterogeneity of MS in terms of clinical
course and variable outcome, subtle variations in
such factors as inclusion criteria, matching of
study cohorts, selection of outcome variables, and
statistical analyses are sufficient to render study
results incomparable.

In the pivotal trial era, however, head-to-head
studies were not performed. The Food and Drug
Administration (FDA) does not accept “equiva-
lency trials” as sufficient evidence for licensing
approval, particularly as one could reasonably con-
clude from equivalence in a head-to-head study
either that an agent is equally as effective or
equally as ineffective as its comparator. This posi-
tion favored the use of placebo-controlled trials,
particularly as it statistically easier to demonstrate
superiority of an investigational drug, with a

smaller sample size, when compared with an inef-
fective placebo than versus a partially-effective
comparator.

The head-to-head trial era in MS began with
the development of subcutaneous interferon B-1a
given three times a week. As it is the same mole-
cule as once-weekly interferon B-1ba, in order to
expedite regulatory approval as Rebif, the FDA
required positive head-to-head superiority studies
before it could enter the market in the United
States. Head-to-head comparisons of the relative
efficacy of high- and low-dose interferon B-1a
used as their relapse-based outcome the propor-
tion of relapse-free and MRI activity-free patients.
While both the INCOMIN (Durelli et al., 2002)
and EVIDENCE studies (Panitch et al., 2002)
demonstrated an advantage of high-dose inter-
feron, by choosing as the primary outcome mea-
sure the “proportion of relapse-free patients”
rather than the overall relapse rate, these trials
evaluate the number of optimal responders and
may not reflect a differential of general effective-
ness across the population. They nonetheless
were sufficient to justify the licensure of subcuta-
neous interferon f-1a in the United States, and
they established a head-to-head trial paradigm
that not all subsequent such studies were able to
replicate.

The McDonald-Era Clinical Trials:
Head-to-Head and Clinically Isolated
Syndrome Trial Designs

Head-to-head studies

The successful implementation of active-
comparator trials, including the head-to-head
studies of high- versus low-dose interferon in the
EVIDENCE and INCOMIN trials, led to the design
and recruitment of several head-to-head trials of
high-dose interferon B versus glatiramer acetate
(Copaxone). Recruiting during the McDonald era,
the BEYOND and REGARD trials (Mikol et al.,
2008; see also Achiron and Fredrikson, 2009)
failed to show a difference on relapse-based out-
comes between either of the interferon {3 products
and glatiramer acetate. These trials differ consid-
erably in design, but the common factor involved
in both trials’ failure to reach their relapse-based
primary endpoints was the low event rate observed



in all groups. The REGARD study was a 2-year,
randomized, open-label, head-to-head compara-
tive study of subcutaneous interferon B-1a 44 ug
three times a week and glatiramer acetate, which
showed no difference in the primary outcome
measure, time to first relapse, or the proportion of
patients who were relapse free. The sample size
and power calculations, as previously described in
the example above, are predicated on assumptions
of an expected event rate. Although the annual-
ized relapse rates in the REGARD study were
almost identical (0.30 for interferon B-1a and
0.29 for glatiramer acetate), they were much
lower than those reported in landmark trials (0.87
for interferon B-1a and o.59 for glatiramer acetate)
(Serensen, 2008). The revised McDonald criteria
allowed for the use of MRI to establish the diagno-
sis of MS; since many lesions detectable on MRI
are clinically silent, these revised criteria allow a
diagnosis of confirmed MS to be made earlier than
would have been possible using clinical manifes-
tations of relapses alone (Lublin, 2005). The inclu-
sion of this new population in the postmillennial
trials shifted the curve toward patients less likely
to experience relapses in the short term.

A second consideration in the REGARD trial
was the selection of time to first relapse as the
primary outcome variable. Time to first relapse
on treatment is a robust parameter, even in trials
with high dropout rates. However, it does not
make use of the second and subsequent relapses
in the course of a trial, and thus it is particularly
sensitive to differences in time course of thera-
peutic onset. It favors drugs with rapid onset, as
compared to those with a more delayed but perhaps
in the long run an equivalent or better-sustained
effect (D’Souza et al., 2008). There are competing
influences on trial design, where the goal is to
assess a meaningful benefit in as little time as
possible, but to be done in such a way as to dem-
onstrate efficacy for a product intended for long-
term use in a lifelong disease. It is of particular
note that REGARD failed to demonstrate the pur-
ported more rapid time of onset of interferon [
over glatiramer acetate.

Clearly the use of historical controls, particularly
in the modern era of across-the-board decrease in
observed relapse rates, imparts an unacceptably
high degree of false-positive error. But what are
the other implications of the relapse rates of the
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McDonald era on clinical trial design and inter-
pretation? One consideration is how to interpret
the results of the AFFIRM trial (Polman et al.,
2006) conducted at the outset of the McDonald
era, which demonstrated the 68% reduction in
relapse rate that natalizumab (Tysabri) established,
approximately twice as great a reduction as the
existing injectable therapies achieved in their
pivotal trials. These same injectable agents, how-
ever, demonstrated approximately an 80% reduc-
tion in relapse rate in the BEYOND and REGARD
trials of the past few years. Is AFFIRM the last
trial of the pivotal era or the first of the McDonald
era? There have been no head-to-head studies to
elucidate this.

Either way, for most patients with MS, relapses
are a relatively infrequent event. In studies
planned for short duration, only a small percent-
age of patients will experience a relapse. It may be
difficult to ascertain which of these patients
respond optimally and which experienced either a
more mild form of the disease, or just a period of
disease quiescence unrelated to the therapeutic
intervention (Walton, 2007). If most patients with
RRMS experience either one or no relapses dur-
ing a 2-year trial, the trial may be underpowered
because of the low event rate, and it further calls
into question the utility of the relapse outcome
measure in trials of this duration. To maximize
the expected event rate, some trials have employed
clinical or radiographic entrance criteria (i.e., recent
pre-enrollment relapses or enhancing lesions,
respectively) during a specified time period. While
this technique may increase the chances that an
investigational drug will demonstrate a significant
impact on a primary outcome variable, it further
constrains the trial participants in a manner that
further reduces the broad application of trial out-
comes across the MS population and, of course,
makes the trial more difficult to enroll.

In the pivotal trials of the 1990s, MRI outcomes
were utilized to supplement the clinical data and
provide further evidence supporting the drug's
effectiveness. This was done to alleviate concerns
about subjectively influenced efficacy findings
such as effect on the relapse rate (Walton, 2007).
Agents being tested in the treatment era have a
higher standard of clinical efficacy to achieve and,
to make matters more difficult, lower observed
relapse rates on which to demonstrate their benefit.
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Thus, surrogate markers like MRI are now utilized
not to prove overall efficacy, which must be dem-
onstrated clinically and convincingly, but rather to
suggest a study subpopulation that may have a
greater response. Magnetic resonance imaging
and other surrogate markers can be used either as
selection criteria or as a planned subgroup analysis
to improve the risk-benefit ratio of an agent
by identifying the population with the maximal
response. The results of BEYOND and REGARD
may have established clinical equipoise between
interferon B and glatiramer acetate; however,
these were both open-label, single-blind trials. We
will have to wait for CombiRx, a large, ongoing,
randomized, double-blind. double-dummy study
that compares intramuscular interferon p-1a given
weekly, glatiramer acetate given daily, and the
combination of the two drugs given together to
provide the highest-possible quality head-to-head
evaluation of these agents (Serensen, 2008). The
CombiRx trial will also provide biomarker data to
better identify patient characteristics that predict
response to one of the therapeutic two modalities.

Clinically isolated syndrome trials

From a design perspective, clinically isolated
syndrome (CIS) trials can be considered as RRMS
trials recruiting after the first episode, where the
outcome measures based on relapse occurrence
are recast as time to “conversion to MS.” These
trials have been implemented largely to satisfy
regulatory requirements for an approved indica-
tion in CIS. Just as use of MRI in the McDonald
criteria (McDonald et al, 2001; Polman et al,
2005) has allowed for the determination of dis-
semination in time sooner than would be found
with clinical episodes alone, so, too, has the use of
MRI in CIS trials provided radiographic outcome
measures that dramatically raise the event rate of
“conversion to MS.”

Building on the knowledge that MRI lesions at
the time of a first demyelinating event are predic-
tive of recurrence, large clinical trials of CIS
patients have required clinically silent lesions as
entrance criteria. Examining the data from the
placebo arms of these trials lends support to the
capacity of MRI lesions to predict conversion to MS.
These trials include the Optic Neuritis Treatment
Trial (ONTT), Controlled High Risk Subjects Avonex

Multiple Sclerosis Prevention Study (CHAMPS),
the Early Treatment of Multiple Sclerosis Study
(ETOMS), and more recently, the study of inter-
feron B-1b in CIS, known as BENEFIT. The cumu-
lative probability of developing a second attack in
2 years was 18% in the ONTT (Beck et al., 1995),
38% in CHAMPS (Jacobs et al., 2000), and 45%
in ETOMS (Comi et al., 2001). The increased rates
of conversion to MS in CHAMPS and ETOMS are
attributable to the presence of clinically silent
lesions on MRI as an enrollment criterion, under-
scoring the utility of initial MRI appearance to
predict short-term outcomes. In BENEFIT (Kappos
etal., 2000), after 2 years, 45% of placebo patients
had experienced a second attack, but 85% fulfilled
the McDonald criteria, demonstrating the increased
sensitivity conferred by the radiographic diagnos-
tic criteria and underscoring the hazards of evolv-
ing diagnostic criteria for cross-trial comparisons.
Glatiramer acetate and intramuscular weekly
interferon B-1a and interferon B-1b have demon-
strated efficacy and garnered FDA approval for
use at CIS, as would be anticipated from their
established effect in relapsing remitting disease.
A very low weekly dose of subcutaneous inter-
feron fB-1a also resulted in a statistically significant
reduction in relapse rate, but this preparation is
not currently approved by the FDA for the treat-
ment of CIS.

Progressive Multiple Sclerosis and the
Emerging Focus on Neuroprotection

In SPMS greater uncertainty exists regarding the
short-term benefits of treatment; and the different
results between the European and North American
IFN trials in SPMS (Panitch et al., 2004) highlight
the role that continued relapses and inflammatory
activity play in the extent to which treatments have
a “disease-modifying” effect on this form of the
disease. This also highlights the continuum that
exists between RRMS and SPMS, and how, even
with restrictive inclusion criteria, trial populations
differ in their range of pathophysiology such that
one may reach its endpoint while the other fails
to do so.

In addition, even those SPMS trials that do
reach disability endpoints may not reflect the
true risk-benefit profile of the agent. For example,
the European trial of mitoxantrone in SPMS



(see Martinelli et al, 2005) demonstrated a
decreased number of patients with EDSS progres-
sion, but at 188 patients it was too small to ade-
quately predict the rare but serious potential
consequences that have come to limit its use,
including secondary leukemias. The issue of esti-
mating such rare but potentially lethal side effects
of the disease-modifying therapies was highlighted
by the emergence of PML with natalizumab after
the SENTINEL trial was completed. While this
was initially estimated to be a “one in a thousand”
risk potentially confined to its use in combination
with interferon, the occurrence of PML in natali-
zumab monotherapy in post-marketing is a salient
example of the difficulty of basing these estimates
on the comparatively small population of a clini-
cal trial.

Negative trials also provide valuable informa-
tion for our understanding of the protean mani-
festations of the disease. The PROMiSe study,
evaluating the effect of glatiramer acetate on accu-
mulation of disability in PPMS, failed to reach its
endpoint despite a sample size of over goo
patients and was halted after planned interim
analysis. Akin to the methodological problem that
caused REGARD and BEYOND to fail to reach
their endpoints, the observed annual progression
rate on the Expanded Disability Status Scale was
only 36%, which was markedly lower than the
50% annual progression rate estimate used in the
power calculations for sample size (Kieseier etal.,
2007). Future clinical trial methodologies in pro-
gressive forms of MS are likely to focus on neuro-
protection, which refers to targeting mechanisms
of neuronal injury to prevent destruction, rather
than the upstream efforts at immunomodulation
that have shown minimal effect in progressive
disease (Kapoor, 2000).

IMPLICATIONS FOR CURRENT AND
FUTURE STUDY DESIGNS

Oral and Parenteral Agents

The goals of current MS clinical trials have evolved
based on the successes that have preceded them.
The pivotal trials established efficacy of the exist-
ing agents and assured their regulatory approval.
These were followed by trial designs that confirmed
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the utility of treatment at first event and subse-
quently by direct head-to-head and trials of com-
parative dosing strategies. Agents currently in
clinical trials will be judged not only on the basis
of reaching their study endpoints but also on what
they add to the current armamentarium. To this
end, there are several oral and parenteral drugs
that are in phase 111 testing, and while it is as-yet
unknown which will come to fruition, there are
several paradigm changes in the current research
era that bear mention.

Alemtuzumab is a monoclonal antibody given
by annual cycles of 1V infusion for which the
results of a successful phase Il trial were pub-
lished in October 2008 (Coles et al., 2008). The
alemtuzumab study was a bold design in two
ways: instead of a placebo-control, the investiga-
tors used an active-comparator design, comparing
two doses of alemtuzumab against subcutaneous
interferon B-1a; and they chose sustained accumu-
lation of disability as the primary endpoint. As
discussed earlier, both of these design decisions
decrease the likelihood of a positive trial, particu-
larly when studied in a typical phase 11 sample
size of 334 patients. Nonetheless, compared to
interferon B-1a, relapses were reduced by 75% and
sustained disability by 60% in patients receiving
alemtuzumab. Importantly, the positive effects
persisted at comparable magnitudes after 3 years
(Kleinschnitz et al, 2008). These results have
provided a considerably better understanding of
how the novel treatment compares to current
standard of care. While placebo-controlled trials
have historically been the criterion standard, in the
modern era comparator trials will be essential for
clinicians and patients to make informed choices
with regard to therapy (McFarland, 2009).

The encouraging results of the alemtuzumab
trial were, however, tempered by six cases of idio-
pathic thrombocytopenic purpura (ITP), one with
a fatal outcome leading to interruption of admin-
istration of study drug during thetrial (Kleinschnitz
et al., 2008). There were significant risks of auto-
immune thyroid and renal diseases associated with
this agent as well. Alemtuzumab can be viewed as
a long-lasting form of selective immune ablation
(Kleinschnitz et al., 2008), but the emergence of
secondary autoimmune conditions may indicate
that more powerful immunomodulatory agents
aimed at acting more incisively on MS may entail
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unwanted life-threatening perturbations of the
immune system elsewhere, as was previously seen
with the occurrence of PML with natalizumab
(Lublin, 2003). The phase 111 alemtuzumab trials
known as CARE-MS are currently ongoing, and
they are slated to enroll approximately 2000
patients. They follow the same general paradigm
as in phase I, comparing alemtuzumab against
subcutaneous interferon B-1a; however, superior
efficacy is all but a foregone conclusion on the
basis of the phase Il results. The phase I11 trials
will thus largely serve to evaluate the incidence of
adverse events such as ITP and autoimmune thy-
roid disease in a much larger study population.
Unlike the pivotal phase III trials of the 1990s
that were intended to establish an agent’s clinical
benefit, these phase 111 trials will enhance our
ability to estimate the amount of risk in alemtu-
zumab's risk-benefit profile.

Rare but potentially lethal opportunistic infec-
tions have also been reported in the ongoing
phase 111 studies of FT'Y720, or fingolimod, one
of the promising oral agents in development. As
new agents emerge thataddress the limited modes
of administration and effectiveness of the current
generation of therapeutics, this new potential
for serious adverse effects mandates very close
monitoring. With 15 years of experience with the
current FDA-approved medications, physicians
will face difficult decisions about whether and
how to use new drugs that may be more effica-
cious but may also carry greater risks. New drugs
in development must be designed with the under-
standing of the relatively modest benefit, but very
substantial safety profile of the current era in MS
therapeutics in mind.

Ethical and Practical Challenges to Placebo-
Controlled Clinical Trials

While randomized, placebo-controlled clinical tri-
als have been the mainstay and criterion standard
for testing new drugs in MS, there are several
challenges facing this design paradigm in the cur-
rent era (McFarland, 2009). Because of the recent
successes in developing new therapies for MS,
placebo-controlled trials face three important hur-
dles: decreasing number of patients who qualify
for studies; ethical concerns regarding the use of
placebo when approved therapies are available;

and limited applicability of placebo-controlled
results given the availability of several effective
agents.

The ethics and future of placebo-controlled trials
in MS have received considerable attention and
have been the subject of a consensus opinion
most recently revised in 2008. This resulted from
a meeting of an international group of clinicians,
ethicists, statisticians, regulators, and representa-
tives from the pharmaceutical industry that con-
vened under the auspices of the National MS
Society’s International Advisory Committee on
Clinical Trials of New Agents in MS to reexamine
the ethics of placebo-controlled clinical trials
(Polman et al., 2008). The ethical conduction of
placebo-controlled trials in MS rests upon the
concept of clinical equipoise, which states that
the lack of consensus among experts regarding
preferred treatment justifies the need for clinical
trials to further knowledge in the area. Even in the
age of multiple approved drugs for MS, the condi-
tion still fits this definition, insofar as the medica-
tions are all incompletely effective, none halts
relapses or progression, and all have problematic
side effect profiles that affect tolerability and
adherence (Polman et al., 2z008). The number
needed to treat (NNT) measure derived from pub-
lished trials provides insight into the limitations
of the current therapies: in patients with CIS,
seven must be treated to prevent one patient from
developing CDMS at 3 years. In RRMS, nine have
to receive interferon to prevent a single relapse at
1 year, and eight must be treated for 2 years to pre-
vent one patient from worsening by a single EDSS
point during this interval (Noseworthy et al.,
2006). Clearly much work remains to be done to
discover and evaluate potentially better therapies.
Despite these limitations, however, the use of pla-
cebo controls in clinical trials cannot be justified
for those patients willing to initiate treatment with
one of the approved medications (Miller, 2007).

The National MS Society Task Force (Polman
et al., 2008) maintains that for patients with
relapsing MS for which established effective ther-
apies exist, placebo-controlled trials should only
be offered with rigorous informed consent if the
subjects refuse to use these treatments, have not
responded to them, or if these treatments are not
available to them for other reasons (e.g., economics)
(Polman et al., 2008). Use of placebo-controlled



trials is ethical for patients whose disease falls out-
side the regulatory or regionally accepted criteria for
treatment with available agents. This category has
been taken to include PPMS, for which no treat-
ment has been shown to be effective, and to some
degree SPMS, for which there is limited consen-
sus on the true risk-benefit ratio of the approved
disease-modifying therapies (Miller, 2007).

Despite the requirements for “rigorous informed
consent,” obtaining consent from a potential study
subject may not be sufficient to ensure truly informed
decision making. Contemporary informed consent
documents are complex and voluminous. As an
example, at the time of this writing the informed
consent form for the current phase 111 trial of
alemtuzumab is 13,000 words, or roughly the
length of this chapter. Furthermore, these docu-
ments are often presented to patients with wors-
ening disease, whose condition sometimes makes
them feel greater pressure for potential trial
participation (Polman et al., 2008).

Independent of the ethical issues, it is increas-
ingly difficult to recruit and retain patients for
placebo-controlled trials. Many recent trials have
recruited subjects from Eastern European and
Asian countries where treatment availability is
variable; this raises further concerns regarding
the provision of therapy to the participants at the
conclusion of a trial. In addition, as discussed earlier
with regard to the alemtuzumab trials, in this
competitive treatment era, placebo-controlled trials
fail to provide increasingly important information
about comparative efficacy among available agents
(McFarland and Reingold, 2005). Is it meaningful
to know simply that a new agent is more effective
than placebo when there are six agents already
approved for the treatment of MS?

Alternatives to placebo-controlled designs

Particular focus has been placed on trials that either
avoid the use of a placebo because of the ethical
considerations or on designs that allow new thera-
pies to be studied more rapidly or with fewer
patients than would be needed in a conventional
placebo-controlled trial (McFarland and Reingold,
2005). Such alternative trial designs include dose-
finding strategies, where a placebo arm may be
replaced by a lowest-dose arm not expected to
confer maximal benefit but still conceptually an
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improvement over placebo. Some have argued
that it may be possible to conduct shorter, and
therefore perhaps ethically and practically more
acceptable trials. But the concept of a short-term
study of an agent intended for a lifelong disease is
controversial and even trials of 2 or 3 years’ dura-
tion may be insufficient (McFarland and Reingold,
20053). Indeed, the major critique of the currently
approved disease-modifying agents is that their
long-term efficacy remains unproven.

Another alternative to monotherapy placebo-
controlled trials are add-on trials, in which the
investigational agent or placebo is added on to an
existing therapy to evaluate whether the investiga-
tional drug will confer increased efficacy. This is
best suited for use when the two agents have dif-
ferent and potentially synergistic mechanisms of
action. Methodological issues arise owing to our
often incomplete understanding of the drugs’
molecular mechanisms of action, and consequent
difficulty in predicting how the combination of
agents will behave clinically. There is a potential
for unexpected antagonism, as was recently seen in
a small trial evaluating statins added on to inter-
feron (Birmbaum et al., 2008), as well as unexpected
synergistic consequences, as with the incidence of
PML when natalizumab was added on to inter-
feron in the SENTINEL trial (Rudick et al,, 2000).
In addition, success of an agent in an add-on trial
yields subsequent ethical and practical challenges
when considering whether the new agent should
be approved and prescribed as monotherapy if it
was never tested in such a manner.

A further strategy is a deferred treatment/cross-
over design, where after an initial randomization
to placebo or active drug, the placebo patients are
switched to active treatment either at a prespeci-
fied interval or after they reach a clinical endpoint.
This was the premise of the BENEFIT trial of
interferon B-1b in CIS, whereby at conversion to
CDMS the CIS patients on placebo were switched
to interferon. This design addressed the ethical
concerns inherent in keeping patients who now
met McDonald criteria off of an approved therapy,
and allowed for a comparison between early- and
delayed-treatment in the CIS population. This
trial was able to demonstrate both a significant
risk reduction by interferon B on conversion from
CIS to MS (Kappos et al., 2006), as well as a mod-
est but significant decrease in risk of sustained
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disability at 3 years (Kappos et al., 2007). If, how-
ever, one takes this study as incontrovertible evidence
of the need for early treatment, it ethically pre-
cludes the further use of this placebo-controlled
CIS design. This presents a paradigmatic example
of the changing landscape of MS research: as
existing treatments are shown to be superior to
placebo in more numerous contexts, the study of
new agents in the same manner is no longer ethi-
cally permissible.

As placebo-controlled trials can be performed
with smaller populations than active-comparator
or add-on trials, they potentially could expose
fewer patients to a novel agent of unknown risk
and unclear benefit than the larger trials required
to test an investigational drug against an existing
treatment. The deaths of patients in recent MS
clinical trials of such agents as natalizumab (Goodin
et al., 2008), alemtuzumab (Coles et al., 2008),
and fingolimod (Leypoldt et al., 2009) are hum-
bling reminders that every patient who agrees to
participate in a trial of an experimental medica-
tion assumes not just foreseeable risks and those
risks associated with placebo, but unforeseeable
risks associated with novel therapeutics as well.

The conundrum in which the field of MS finds
itself is that while randomized, controlled clinical
trials are necessary to demonstrate efficacy on short-
term, relapse-based outcomes, and are designed
to conform to the standards of proof required by
regulatory agencies for licensure, these 2-3 year
trials are unlikely to ever answer the question as
to whether long-term use of these agents dramati-
cally alters the ultimate natural history of the dis-
ease. There are thus ethical and practical reasons
to shorten the standard 2-year clinical trial para-
digm while conceptual and theoretical reasons
argue to study these agents long term.

Alternative outcomes for MS trials include
composite outcome measures to reduce sample
size and potentially shorten the duration of these
studies. Composite outcomes comprise measures
of multiple clinical domains and can thus increase
the “event rate” as recorded in a trial. The EDSS
and MSFC are themselves composite measures;
however, by generating more comprehensive
composite outcomes rather than a single primary
outcome measure, the overall sensitivity of clini-
cal measures can be increased. In addition, results
derived from composite outcomes could potentially
be more clinically meaningful than such single

outcome measures as “proportion of patients
relapse free.” An example of an interesting possi-
ble future alternative to grading disability and
mobility according to the artificial confines of
the EDSS could be the use of a mobile device for
long-term continuous measurement of physical
activity. One such device, the ACTIBELT system,
is currently being evaluated at the Sylvia Lawry
Centre for Multiple Sclerosis Research. This wear-
able electronic device is integrated into the buckle
of a clothing belt and provides quantitative infor-
mation about patients’ physical activity under
real-life conditions (D'Souza et al., 2008).

BEYOND THE CLINICAL TRIAL:
CONSIDERATIONS FOR MULTIPLE
SCLEROSIS HEALTH CARE AND
ALTERNATIVE OUTCOMES

In addition to individual heterogeneity of symp-
toms, their severity, and their timing, the conse-
quence of neurological impairment on a patient’s
degree of functional disability varies considerably.
A patient could be significantly neurologically
impaired but not functionally disabled (e.g.. a
computer programmer who is wheelchair con-
fined), while another can be vocationally disabled
with minimal findings on neurological examina-
tion (e.g., a concert pianist with impaired right-
hand proprioception). The former patient has an
EDSS of 8, and the latter an EDSS of 2. Evaluating
disability from a patient-centric perspective must
take into account both objective impairment and
its meaningful impact on the patient, including
his or her coping strategies and quality of life.
The focus in the field of MS has been for many
years on the impact that investigational agents
have on the commonly used rating scales; there
has recently been a renewed emphasis on find-
ing validated measures and performing well
designed-studies on our ability to improve
patients’ lives.

Psychosocial, Quality of Life, and
Vocational Impact Studies

Measuring the clinical impact of MS is a critical
issue for judging experimental therapies in clini-
cal trials. To this end, outcomes are being devel-
oped that take a more holistic view of patient
well-being and response to a variety of modalities



of care beyond just those agents aimed at
“modifying the disease.” A formal investigative
approach to the psychosocial consequences and
emotional aspects of MS has become a major
focus of research in recent years. The field of MS
research has moved beyond the rating scales that
are solely based on the neurological examination
such as the EDSS, which are associated with weak
psychometric properties. More patient-oriented
measures like the Guy’s Neurological Disability
Scale (GNDS) and a wide range of disease-specific
quality-of-life (QOL) instruments are character-
ized by high clinical relevance as they reflect the
patient’s perspective on the overall impact of medi-
cal intervention. Some of the examples of these
metrics include the 36 Item Short Form Health
Survey (SF 36), the Self-Rated Abilities for Health
Practices Scale (SRAHP), the Health Promoting
Lifestyle Profile 11, and the MS Impact Scale
(MSIS-29) (Amato and Portaccio, 2007).

The problems of access to care and services
have also been increasingly addressed. Several
studies provide evidence that MS patients benefit
from rehabilitation and health promotion inter-
ventions. Exercise programs have been shown to
improve strength, endurance, fatigue and func-
tional abilities, mental and physical health, and
health-related QOL. Access to these interventions
is, however, oftentimes difficult for the physically
disabled MS patients who need them the most. To
overcome logistic barriers, a study by Bombardier
and colleagues (2008) evaluated telephone coun-
seling for Health Promotion in MS patients by
using the HPLP I as a primary outcome measure
and the SF 36 as a secondary outcome measure.
The trial supports that telephone-based motiva-
tional interviewing is an effective method of
health promotion in people with MS. Ennis and
colleagues (20006) also found similar effective-
ness of a health-promotion education program
(the OPTIMISE program) among MS patients.

Evaluating the efficacy of rehabilitation interven-
tions, however, is a challenging issue as patients
in trials are not easily blinded and control groups
are not readily established. Defining an outcome
measure is of particular difficulty because of the
individual variation of functional deficits and
rehabilitation needs. As an example of the diffi-
culty in proving the efficacy of rehabilitation, Storr
and colleagues developed a trial methodology
with a double-blinded design for evaluating the
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short-term efficacy of multidisciplinary, inpatient
rehabilitation among MS patients. Impairment
was evaluated by the MSIS 29, and activity was
assessed by the GNDS (Storr et al., 2006). Despite
the use of the modern methodology, the study was
unable to prove a significant advantage of rehabili-
tation for stable MS patients (Storr et al., 2006).

Vocational impact studies focus on the conse-
quences of MS on patients during their employ-
ment years. Employment is not only an important
factor in QOL of MS patients, but, by influencing
aspects such as insurance status and means of
access to health care, it can also be an important
factor in their overall health (Wilson and Walker,
1993; Aronson, 1997). Early in the disease, patients
with MS may be impaired in finding and main-
taining a workplace not only due to obvious physical
handicaps but also because of “hidden disabilities”
such as subtle cognitive impairments, fatigue,
coping problems, and even workplace discrimina-
tion (Johnson et al., 2004). Up to 50% of patients
with MS lose their job, retire early, reduce their
work hours, or change workplaces for less demand-
ing but often also less-well-paid jobs (Kornblith
etal., 1986; Jackson et al., 1991). This is especially
a problem in persons suffering from a disease
that in itself causes a major financial burden.
A substantial part of the cost of MS relates to
losses in earnings due to vocational problems
(Whetten-Goldstein et al., 1998).

In a recent systematic review, Khan and col-
leagues (2009) reported that they found only two
interventional studies focused on vocational reha-
bilitation for MS patients with enough internal
validity to be regarded as meaningful enough to be
included in their review. LaRocca and colleagues
(1996) investigated job retention in employed MS
patients, and Rumrill et al. (1998) focused on
career entry in unemployed patients. Both of these
studies still had major limitations such as small
sample sizes, no blinding of participants, care
providers, or assessors, and unclear intention to treat
analyses. Nevertheless, they showed that vocational
rehabilitation in MS was feasible and revealed
that many patients tended to ignore or neglect
possible future problems in finding and main-
taining employment until they reached a crisis.
Enabling persons with MS to achieve, maintain,
or return to a status of employment and economic
self-sufficiency is therefore one of the main aspects
of rehabilitation, whether it is provided by general
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MS rehabilitation or specialized MS vocational
rehabilitation.

Multiple Sclerosis Databases and
Resource Utilization Studies

The MS International Federation (MSIF) was
established in 1967 as an international network
targeted on a global linking of the activity of the
national MS Society around the world. The Atlas
of MS database by the MSIF provides a variety of
data on the epidemiology of MS and the availabil-
ity and accessibility of resources for the diagnosis,
treatment, rehabilitation, and support for MS
patients; it is aimed at improving life quality of
people affected by MS. Another example of a use-
ful database for MS is the New York State MS
Consortium (NYSMSC), a regional alliance con-
sisting of 15 MS centers throughout New York
State. The NYSMSC developed a clinical long-
term follow-up centralized MS patient registry, to
offer a potential tool for interdisciplinary research.
Similar to the MSIF Atlas, the NYSMSC database
collection system is based on registry questionnaires
and follow-up forms acquired at participating MS
centers. In 19906, the North-American Consortium
of MS Centers initiated the NARCOMS (North
American Research Committee on Multiple
Sclerosis) MS Patient Registry as a long-term
project to promote and facilitate clinical and epi-
demiological research in MS. NARCOMS is a
patient-driven, self-reported database with infor-
mation collected semi-annually. Between 1996
and 2004, more than 28,000 participants were
registered (Flachenecker and Stuke, 2008).
Resource utilization studies have examined the
costs incurred by a diagnosis of MS, which is a topic
of considerable importance to individual patients as
well as the health-care delivery system in light of
the annual expense of the disease-modifying agents.
Kobelt and colleagues estimated the average total
cost per American MS patient at $47,000 per year
in 2006, an increase of $12,000 since 1995 (Kobelt
et al., 2006). These numbers include direct costs
such as medication and hospitalization, as well as
indirect costs such as reduced working time and
income or early retirement. Notably, the costs per
person correlate very significantly with the num-
ber of relapses and stage of disability. Another
study (OBrien et al., 2003) determined the direct

medical cost of managing MS relapses in the
United States, including the costs of hospitaliza-
tion, ER, and physician office visits. The authors
found that the majority of costs were attributable
to hospital stays and concluded that the care of
relapsing MS patients should be provided in the
patients’ homes as much as possible, while at the
same time treatments that reduce the relapse fre-
quency and thus the rate of hospital admissions
may decrease patients’ total financial burden.

Conclusions

The philosophy of early therapeutic intervention
has begun to alter the natural course of MS, allow-
ing patients to remain optimistic and play an
active part in their disease management. Clinical
trials for MS have been forever changed by the
rapid development of disease-modifying agents,
which raises both practical and ethical issues for
the study of future agents targeted at the same
outcomes. Clinical research has thus evolved to
include both new agents and new outcome mea-
sures, including those that capture the impact of
the disease in a patient-specific way not encapsu-
lated by the standard neurologic exam-based met-
rics and arbitrary relapse definitions. As our
current therapies do not result in an elimination
of relapses or halt the accrual of disability, it is
essential for a clinician to be aware of the wide-
spread psychosocial impact of MS in terms of
their patients’ social involvement, partnership,
family roles, and employment. The development
of new effective agents for MS will require both a
better biologic understanding of the disease’s
pathophysiology, likely with a focus on biomark-
ers, and the study of neuroprotection. as well as
close attention to the risk/benefit profile of new
agents based on an increasingly patient-centric
approach. In the treatment era, there is an ongo-
ing need for this work to broaden the perspective
of neurologists and MS specialists on improving
the care for patients with MS.
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